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Self-organizing potential of induced pluripotent stem cells (iPSCs) is expected to be a powerful tool for tissue-engineered bone and cartilage, 
which could be good graft materials for efficient bone regeneration in large defect. Micro-space culture is promising for self-organization of iPSCs. 
Hypoxia and mechanical stimuli has reported to promote osteogenic and chondrogenic differentiation of stem cells. And deferoxamine mesylate (DFX) 
mimics hypoxia in cell culture. Therefore, I hypothesized that the combined use of micro-space culture and DFX or mechanical stimuli could facilitate 
self-organized osteo-chondrogenic differentiation of iPSCs into osteochondral constructs in vitro. The aims of this study were to investigate the optimal 
micro-space culture for self-organized osteogenic differentiation of iPSCs, to manipulate self-organized osteo-chondrogenic differentiation of iPSCs into 
bone/cartilage constructs in vitro using DFX or mechanical stimuli, and to investigate bone regeneration capacity of such constructs in critical-size defect 
models. 
Dissociated mouse gingival fibroblast-derived iPSCs were plated in ultra-low-attachment micro-space culture wells containing hundreds of 
U-bottom-shaped microwell spots per well to form cell aggregates in growth medium. The microwells had different aperture diameters/depths [400/560 
μm (Elp400), 500/700 μm (Elp500), and 900/700 μm (Elp900)] (Kuraray Elplasia). After 5 days of aggregation, cells were maintained in osteogenic 
induction medium for 35 days. The results showed high cell viability only in the Elp500. Elp500 cell constructs showed significantly higher osteogenic 
gene expression (after 10 days) and robust osteoid containing type I collagen and osteocalcin protein on day 35. Better bone repair with significantly 
higher bone mineral density was observed in the Elp500 group compared to the Elp900 group after in vivo transplantation of cell constructs into rat 
calvaria defect for 3 weeks. These suggest that Elp500 represents a promising microplatform which can provide high cell viability and optimal cell 
condensation for self-organized differentiation of iPSCs into osteoid-rich bone constructs.    
When the cell constructs were fabricated and cultured in Elp500 under osteogenic medium with 10 μM DFX, the cell constructs showed sparse 
mineralization and type X collagen protein expression with upregulated osteogenic and chondrogenic genes within 14 days. DFX-treated cell constructs 
(day 35) showed an osteo-chondrogenic phenotype with partial calcification and high type X collagen, Osteopontin (Opn), and Matrix 
metalloprotease-13 (MMP-13) protein expression. After cell constructs were transplanted into rat femur bone defects for 3 weeks, 
significantly-enhanced cortical bone formation was detected in the DFX-treated group, in which significantly more blood vessels and TRAP positive 
osteoclasts were observed around the Opn- and MMP-13-positive areas of the transplants. These results suggest that DFX induces self-organized 
differentiation of iPSCs into osteochondral constructs, which facilitates efficient bone regeneration in vivo via accelerated angiogenesis and enhancement 
of osteoclast function by Opn and MMP-13.  
When iPSC constructs fabricated using Elp500 were subjected to shaking culture at day 12 and maintained in osteogenic induction medium for 
31 days (Os induction), the cell constructs showed robust mineralization and some cartilage-like tissue, which promoted expression of osteogenic and 
chondrogenic marker genes. In another condition, the osteogenic induction medium was replaced by chondrogenic induction medium at day 22 and 
maintained for a further 21 days (Os-Chon induction), the resulting cell constructs showed partial mineralization and a large area of cartilage tissue, with 
greatly increased expression of chondrogenic marker genes along with Osx and Col1a1. Moreover, Os-Chon induction enhanced mesodermal lineage 
commitment with brachyury expression followed by high expression of lateral plate and paraxial mesoderm marker genes. These results suggest that 
combined use of micro-space culture (Elp500) and mechanical stimuli facilitates hybrid bone/cartilage tissue formation from iPSCs, and that the 
bone/cartilage tissue ratio in iPSC constructs could be manipulated through the induction protocol. 
These findings represent an important step toward the development of iPSC-based tissue-engineered bone or bone/cartilage complex for 
regenerative bone therapies via intramembranous or endochondral approaches. 
 
